In the host immune system, the leukocytes are often exposed to multiple pathogens including bacteria and viruses. The principal challenge for the host is to efficiently detect the invading pathogen and mount a rapid defensive response. Leukocytes recognize invading pathogens by directly interacting with pathogen-associated molecular patterns via Toll-like receptors (TLRs) expressed on the leukocyte surfaces. In this study, we provide direct evidence that bacterial LPS enhances the host antiviral response by up-regulating TLR3 expression in human peripheral blood monocytes and monocytic cell lines, THP1 cells. Moreover, LPS induces TLR3 expression via a TLR4-MyD88-IRAK-TRAF6-NF-kB-dependent signaling pathway. Interestingly, CYLD, an important deubiquitinase, acts as a negative regulator of TLR3 induction by LPS. Our study thus provides new insights into a novel role for bacterial infection in enhancing host antiviral response; furthermore, it identifies CYLD for the first time as a critical negative regulator of bacterial LPS-induced response.
Introduction
The major outer membrane component of Gram-negative bacteria, LPS, is one of the most important activators of the innate immune system, which involves the host defense against bacterial infection (1) (2) (3) . The Toll-like receptor (TLR) family is comprised of various germ line-encoded receptors that are constitutively expressed by most cells and have the ability to recognize microbial conserved molecular structures known as pathogen-associated molecular patterns (PAMPs). Human blood leukocytes recognize invading pathogens by directly interacting with PAMPs on a variety of pathogens via TLRs expression on the leukocytes. Activation of TLRs, in turn, leads to induction of direct antimicrobial activity that can result in elimination of the invading pathogen before a full adaptive immune response takes effect. To date, 11 members of the human TLR family have been identified. Of these, TLR4 is critically involved in host response to a Gram-negative bacterial product like LPS (4) (5) (6) (7) .
Our recent studies demonstrated that TLR4 and downstream molecules MyD88, IRAK1 and small GTPase Rho play key roles in activating host immune and inflammatory response induced by LPS (8, 9) . In contrast, TLR3 is involved in sensing viral infections and initiating the appropriate immune responses. Many RNA viruses express dsRNA during their replication cycle, and dsRNA is involved in the activation of immune system during virus infection. Signaling initiated by TLR3 is thought to occur upon dsRNA binding, however, the details of which are still being determined (10) . Although this is the case, TLR3 is thought to bind to poly(I:C), a synthetic analogue of dsRNA, and is the most widely utilized ligand in TLR3 studies (11) (12) (13) . TLR3 binding of viral dsRNA activates IFN-a/b. This function of TLR3 may be involved in activation of NF-jB (14) .
Multiple cell types are known to express TLR3, but human peripheral blood monocytes do not express TLR3 (15) (16) (17) . Although a great deal has been explored during the past few years about the synthesis and release of proinflammatory cytokines by monocytes, relatively little is known about the nature of activated monocytes in the detection and response of a viral infection within the blood.
In the present study, we demonstrate that bacterial LPS pre-treatment strongly enhances TLR3-mediated antiviral cytokine expression in human peripheral blood monocytes and in THP1 cells. These functions of LPS appear to be mediated through the up-regulation of TLR3 expression in human monocytes. Furthermore, the mechanisms of bacterial LPS induction of TLR3 RNA and protein expression may be positively regulated by TLR4-MyD88-IRAK-TRAF6-NF-jBdependent signaling pathway, while it is negatively regulated by CYLD in human blood monocytes and monocytic cells. These results suggest a potential different antiviral response in human blood monocytes and other immune cells, and that the signal mechanisms involved in mediating this effect in human blood monocytes is stimulated by bacterial LPS.
Methods

Reagents
LPS was isolated from Salmonella minnesota Re595 bacteria as described (18) . Poly(I:C) was purchased from Calbiochem (San Diego, CA, USA). A monoclonal antibody against TLR3 was purchased from ebioscience (San Diego, CA, USA). The MyD88-dominant-negative plasmid, the luciferase reporter plasmids containing nucleotide sequences encoding the NF-jB response element and the TNF-a and IFN-b promoters were obtained as previously described (19) . The pRL-tk-LUC internal control reporter plasmid was provided in the Dual Luciferase Reporter kit (Promega). The siRNA vector mediating knockdown with or without nucleotide sequences targeting CYLD was obtained as previously described (20) .
Preparation of monocytes from peripheral blood
Heparinized human peripheral blood from health donors was fractionated on Percoll (Pharmacia) density gradients. Mononuclear cells and neutrophils were initially separated by centrifugation through a 55%/74% discontinuous Percoll gradient. Monocytes were further prepared from the mononuclear cell population with gelatin/plasma coated flasks as described (21) . The purity of monocytes was >85-90% as determined by staining with the anti-CD14 monoclonal antibody (Coulter Immunology, Miami, FL, USA), and cell viability was >95% as measured by trypan blue exclusion. Monocytes were resuspended in RPMI-1640 medium (Irvine Scientific, Santa Ana, CA, USA) with 10% (V/V) heat-inactivated fetal bovine serum (FBS), penicillin (100 U ml À1 ), streptomycin (100 lg ml
À1
) and L-glutamine (2 mM).
Cell culture and transfections
THP-1 cells were cultured in RPMI-1640 with glutamax and 25 mM HEPES (Invitrogen), penicillin streptomycin (Invitrogen) and supplemented with 10% heat-inactivated FBS. To transfect cells for reporter assays, an appropriate number of THP-1 cells were split 24 h prior to transfection in fresh medium. Cells were transfected with 1.5 lg of the designated reporter plasmid and 0.5 lg of the Renella luciferase reporter control (Promega) utilizing the Nucleofector Kit V system (Amaxa).
Immunoprecipitations and immunoblots
To detect TLR-3 expression, human blood monocytes or THP-1 cells (1 3 10 6 cells per dish) were placed in 100 mm dishes and stimulated with 100 ng/ml of LPS. Cells were cultured for indicated times, harvested and utilized to prepare cytosolic extracts. Determination of total protein in extracts occurred by Bradford assays using the Coomassie Protein Assay Reagent (Pierce). Extract volumes for all samples containing total protein amounts equal to the lowest protein amount were brought up to 250 ll and mixed with TLR3 monoclonal antibody (0.75 lg/250 ll) (ebioscience). Reactions were allowed to proceed for 1 h. After 1 h, washed protein G-Sepharose 4 Fast Flow (Amersham) was added to the reaction for an additional 1 h. The protein G-sephorose beads with bound complexes were then washed three times with Dulbecco's PBS (Invitrogen) and bound TLR3 was eluted with 53 SDS buffer. The protein elutes were resolved using a 12% SDS-PAGE gel, transferred to nitrocellulose and probed with the same TLR3 monoclonal antibody utilized during the immunoprecipitations. The blots were then incubated with goat anti-mouse IgG-HRP (Santa Cruz Biotechnology) secondary antibody for 2 h at room temperature. Detection of nitrocellulose bound proteins occurred utilizing the SuperSignal West Pico Chemiluminescent Substrate (Pierce) and the fluorchem 890 (Alpha Innotech) detection system.
Luciferase assays
THP-1 cells were placed in six-well plates (1 3 10 5 cells per well), transfected with appropriate reporters and cultured for 24 h. After 24 h, transfected cells were stimulated with 100 ng/ ml LPS and cultured for 10 h. Then 100 ng of poly(I:C) was added to the medium and cells were cultured for an additional 24 h. After stimulating the cells with poly(I:C) for 24 h, cells were pelleted and lysed utilizing passive lysis buffer (Sigma). Luciferase activity present in resulting cell extracts was quantified by performing luciferase assays utilizing the DualLuciferase Reporter Assay System (Promega) following the protocol provided. To detect luciferase fluorescence the Monolight 3010 luminometer (Pharmingen) was utilized.
siRNA
The TLR3 small interfering RNA and control siRNA were purchased from Dharmacon (Lafayette, CO, USA). A final concentration of 33 nm TLR3 siRNA or control siRNA was transfected into THP1 cells with amaxa electroporation technique utilizing nucleofector Kit (Amaxa Biosystems, Gaithersburg, MD, USA) following the manufacturer's protocol. Transfection efficiency of the siRNA's in THP1 cells was determined by co-transfecting siGLO control with either of the siRNA and then visualizing the effect using fluorescence microscopy. To determine the efficiency of gene silencing, the whole cell lysate of the above co-transfected cells was used for western blotting as described above and probed using specific antibody for TLR3. At 24 h after transfection, cells were used for each experiment.
Quantitative real-time PCR
Human blood monocytes or THP-1 cells were placed in sixwell plates (1 3 10 5 cells per well) and stimulated with LPS at indicated concentrations and times. The cells were then stimulated with or without 100 ng/ml of poly(I:C) for experiments involving TNF-a, IFN-b and TLR3. After stimulation, cells were collected and total RNA was prepared using the RNeasy mini kit (Qiagen). Any residual DNA present in the resulting RNA was removed by Dnase I treatment utilizing the DNA-free kit (Ambion) following the protocol provided. The RNA was quantified and 1 lg of total RNA was reverse transcribed using the Omniscript RT kit (Qiagen). Resulting cDNA at a concentration of 0.5 lg/ll was used to PCR amplify during the QRT-PCR assay. To amplify the cDNA product, 0.5 U of Platinum taq DNA polymerase (Invitrogen) was used in a reaction containing 1 lM of TLR3, TNF-a, IFN-a, IFN-b, CYLD or b-actin primers, 0.2 mM dNTPs, 0.2 mM dNTPs (Idaho Technology Inc.), PCR reaction buffer (Idaho Technology Inc.), Enzyme Diluent (Idaho Technology Inc.) and SYBR Green I (Molecular Probes). The cDNA containing reaction mixtures were placed in a 96-well Optical Reaction Plate (Applied Biosystems), amplified and fluorescence emitted from binding of the SYBR Green I dye to target PCR products was detected using the ABI prism 9500 detection instrument. Results were analyzed using the DCt and the DDCt method.
Enzyme linked immunosorbent assay
To detect TNF-a protein concentrations in medium of cultured human blood monocytes or THP-1 cells, cells (5.0 3 10 4 cells per well) were plated in 24-well plates and stimulated with LPS or Poly(I:C) for 10 h, medium was then utilized to perform TNF-a ELISA assays (Beckman Coulter) following the protocol supplied. Fluorescence emmited by addition of substrate corresponding to target was detected by the VERSA max plate reader (Molecular Devices). In some experiments ( Fig. 1C and D) , the cells were treated with LPS for 10 h prior to stimulation with Poly(I:C) as indicated in the text and legends for figures.
Statistical analysis
Statistical analysis was performed with Student t-test. P values of <0.05 were considered statistically significant.
Results
Poly(I:C) induces the production of TNF-a by LPS-primed human monocytes and THP-1 cells
The TNF-a cytokine is a plieotropic factor that is released from cells during antiviral responses in an autocrine and paracrine fashion. To assess the relationship between poly(I:C) stimulation and synthesis of cytokines, we examined the effects of poly(I:C) on TNF-a release in human blood monocytes and THP1 cells by ELISA assays. As can be seen in Fig. 1 , poly(I:C) was not able to activate TNF-a expression in both human peripheral blood monocytes (Fig.  1A, lane 3 ) and THP1 cells (Fig. 1B, lane 3) . However, the induction of TNF-a protein expression by LPS in both human peripheral blood monocytes (Fig. 1A, lane 2 ) and THP1 cells (Fig. 1B, lane 2) indicates that these cells can produce TNFa in response to TLR4 stimulation. Interestingly, when monocytes (Fig. 1C ) and THP1 cells (Fig. 1D) were pre-treated with 10 ng/ml LPS for 10 h, significant TNF-a was seen by the stimulation of 100 ng of poly(I:C) ( Fig. 1C and D, lane  4) . This experiment suggests that poly(I:C) induces the production of TNF-a in LPS-primed human monocytes and THP-1 cells.
Poly(I:C) increases the NF-jB, TNF-a and IFN-b promoters in LPS-primed THP-1 cells
Since signals initiated from activated TLRs are mediated by NF-jB and are hypothesized to result in the production of TNF-a and IFN-b, we quantified the activities of the NF-jB, TNF-a and IFN-b promoters. Therefore, to determine if LPS in poly(I:C) stimulates these promoters, we performed luciferase assays using luciferase reporters that had the luciferase gene under the control of the stated promoters. Specifically, quantification of activities was done using luciferase reporters that contained either repeats of a consensus NF-jB-binding site or the promoters of TNF-a and IFN-b.
In response to LPS, a significant increase in NF-jB activity quantified by luciferase activity occurs but this does not occur in the absence of LPS. Importantly, no luciferase activity is detected in extracts produced from cells stimulated with 100 ng/ml of poly(I:C) only. Upon stimulation with both LPS and poly(I:C), a further increase in luciferase activity occurs when compared with luciferase activity induced by LPS only (Fig. 2A) . The dermination of poly(I:C) with or without LPS to induce TNF-a and IFN-b promoter activity was assessed. In both cases, an increase in luciferase activity occurred in response to LPS. Similar to NF-jB, poly(I:C) did not activate TNF-a or IFN-b promoter activity in the absence Fig. 1C and D, lanes 1-3) LPS for 10 h and then treated with Poly(I:C)(100 ng) for 6 h. The supernatants were collected, and the secreted TNFa was measured by ELISA as described in Methods. These results are representative of three separate experiments. *P < 0.05 compared with control; **P < 0.05 compared with LPS-treated groups.
Regulation of TLR3 by bacterial LPS 359 of LPS. However, when THP1 cells were pre-treated with 10 ng ml À1 LPS for 10 h, significant NF-jB, TNFa and IFN-b luciferase induction was seen by stimulation of 100 ng of poly(I:C) compared with that induced by LPS only ( Fig. 2A-C, lane 4) .
LPS induces TLR3 expression
The above experiments indicated that poly(I:C) stimulates TNF-a and IFN-b gene expression only in LPS-primed monocytes and THP1 cells. The function of this LPS is not fully understood. The induction of TNF-a protein expression by LPS in both human peripheral blood monocytes and THP1 cells indicates that these cells can produce TNF-a in response to LPS stimulation. Published data suggest that TLR3 is expressed in extremely low level in human monocytes (17), we, therefore, examined whether LPS upregulates TLR3 in human peripheral blood monocytes and THP1 cells.
To determine the effect of LPS to increase TLR3 expression, real-time PCR (RT-PCR) and western blot experiments were performed. Total RNA was isolated for RT-PCR experiments from monocytes that did not express TLR3 mRNA (Fig. 3) . Upon stimulation of monocytes with increasing concentrations of LPS, induction of TLR3 mRNA occurs. Expression of TLR3 is at a significant level when stimulated with 10 ng/ml of LPS (Fig. 3A) . To determine the time at which maximal induction of TLR3 occurs, monocytes were stimulated for the indicated times with 100 ng/ml of LPS. As can be seen, the induction of TLR3 is minimal at 4 h of LPS stimulation, but the expression levels of TLR3 RNA increase with time to a maximal level at 6 h. From 6 to 12 h, TLR3 expression decreases at which time it is still higher than TLR3 expression at 4 h of LPS stimulation (Fig. 3B) .
Further demonstration that LPS induces TLR3 expression was obtained by western blot to detect TLR3 protein expression in both human peripheral blood monocytes. Due to previous reports supporting low expression levels of TLRs, immunoprecipitations utilizing a TLR3-specific antibody subsequent to western blot analysis. Specifically, stimulation of human blood monocytes cells for 2, 4, 6 and 12 h with LPS was performed. The ability of LPS to induce TLR3 expression is minimal at 4-6 h where little TLR3 expression is detected. After 12 h of LPS stimulation, TLR3 expression increases to a maximal level in human blood monocytes (Fig. 3C) .
A TLR4-dependent MyD88-IRAK-TRAF6-NF-jB signaling pathway is required for LPS-induced TLR3 expression
We next sought to determine which surface receptor and downstream adaptors are involved in TLR3 induction by LPS. Because TLR4 is important for mediating LPS-induced gene transcription, we first investigated the role of TLR4 in LPS-induced TLR3 up-regulation using a TLR4 functional antibody (TLR4fAb) that blocks binding of LPS to TLR4. Pre-treatment of human monocytes or THP1 cells with the TLR4fAb abrogates the LPS-induced TLR3 expression (Fig.  4A) , indicating that the LPS-induced TLR3 up-regulation in monocytes requires the binding of LPS to TLR4.To further confirm the requirement of TLR4 in mediating LPS-induced TLR3 up-regulation, we examined TLR3 induction by LPS in HEK293-pcDNA, HEK293-TLR2 or HEK293-TLR4 cells, stably transfected with pcDNA, TLR2 or TLR4, respectively. As expected, LPS induced TLR3 mRNA expression in HEK293-TLR4 cells but not in HEK293-pcDNA or HEK293-TLR2 cells (Fig. 4B) . We next investigated the involvement of MyD88 in LPS-induced TLR3 up-regulation. As shown in Fig. 4(C) , over-expression of a dominant-negative mutant form of MyD88 attenuated LPS-induced TLR3 up-regulation in THP1 cells. Because activated MyD88 recruits IRAK-1 and subsequently interacts with TRAF6, we investigated if IRAK-1 and TRAF6 are also involved in TLR3 induction. As shown in Fig. 4(C) , co-expressing dominant-negative IRAK-1 or TRAF6 inhibited LPS-induced TLR3 expression.
We previously demonstrated that LPS stimulates the activity of NF-jB and that this activity in monocytes is required for the induction of inflammatory cytokine induced by LPS (8) . We therefore tested whether the activation of NF-jB was important for this LPS-induced TLR3 up-regulation by assessing the effect of the proteasome inhibitor, MG-132, on LPS-induced TLR3 up-regulation. Figure 4(D) shows that MG-132 inhibited LPS-induced up-regulation of TLR3. We further confirmed the requirement for NF-jB by knockdown of p65 with p65 siRNA. As shown in Fig. 4(E) , p65 siRNA markedly inhibited TLR3 induction by LPS. Taken together, these results provide evidence that TLR4/MyD88/IRAK/TRAF6/NF-jB signaling pathway is required for LPS-induced TLR3 up-regulation in human monocytes.
TLR3 is critical for induction of type I IFNs and proinflammatory cytokines
The above experiments indicated that LPS up-regulates TLR3 in a TLR4-dependent manner. We next sought to determine the physiological relevance of TLR3 up-regulation. We assessed the effect of over-expressing wild-type TLR3 or knockdown TLR3 on expression of cytokines induced by Poly(I:C), a synthetic ligand for TLR3. As shown in Fig. 5 , over-expression of wild-type TLR3 enhanced Poly(I:C)-induced expression of all these genes (Fig. 5A-D) and knockdown of TLR3 reduced Poly(I:C)-induced expression of cytokine (Fig. 5F ), indicating that enhanced TLR3 expression indeed enhances host antiviral responses. Taken together with the data of Figs 1 and 2, these results suggest that LPS potentiates TLR3-dependent expression of host antiviral genes by inducing TLR3 expression in human blood monocytes.
CYLD acts as a negative regulator of LPS-induced TLR3 upregulation
Our results presented above suggest that activation of NF-jB may be involved in LPS-stimulated TLR3 gene expression. Published data have shown that the cylindromatosis tumor suppressor (CYLD), a recently identified novel deubiquitinase, decreases the activation of NF-jB in the context of the tumor necrosis factor receptor signaling (22, 23) . We next sought to determine whether CYLD is involved in LPS-induced TLR3 expression. We first evaluated the efficiency of CYLD siRNA in reducing CYLD expression and inhibiting the LPS-induced phosphorylation and degradation of IjBa. As shown in Figure 6 (A), CYLD siRNA efficiently reduced CYLD expression in THP1 cells transfected with These results are representative of three separate experiments. *P < 0.05 compared with control; **P < 0.05 compared with only LPStreated groups. Regulation of TLR3 by bacterial LPS 361 wild-type CYLD. Over-expression of wild-type CYLD inhibited IjBa phosphorylation and degradation, whereas CYLD siRNA enhanced it (Fig. 6B) . Next, we examined the effect of overexpressing wild-type CYLD or CYLD siRNA on LPS-induced NF-jB activation. As expected, over-expression of wild-type CYLD attenuated NF-jB activation by LPS, whereas CYLD knockdown enhanced it (Fig. 6C and D) . These data show that CYLD indeed acts as a negative regulator of LPSinduced NF-jB activation. We next sought to determine whether CYLD is a negative regulator of LPS-induced TLR3 up-regulation. As shown in Fig. 6(E and F) , over-expression of wild-type CYLD attenuated LPS-induced TLR3 up-regulation, whereas knockdown of CYLD enhanced TLR3 up-regulation. Taking these results together, it is evident that CYLD acts as a negative regulator of LPS-induced TLR3 expression.
CYLD is induced by LPS via a TLR4-dependent pathway in human monocytes
Because a variety of genes involved in the host defense response were induced during the course of infections, we thus examined whether LPS induces CYLD in human blood monocytes and THP1 cells. LPS stimulated a time-dependent up-regulation of CYLD message and protein in human blood monocytes and THP1 cells (Fig. 7A-C) . The LPS induced increase of CYLD message was seen within 2 h of stimulation and peaked at 4 h. The kinetics of LPS-induced CYLD preceded that of LPS-induced TLR3, consistent with a role of CYLD in the expression of TLR3. We next investigated the requirement for TLR4 in LPS-induced CYLD up-regulation in human monocytes by using a TLR4 functional antibody (TLR4fAb) that blocks binding of LPS to TLR4. Pre-treatment of human monocytes or THP1 cells with the TLR4fAb completely abrogated the LPS-induced CYLD expression (Fig.  7D) , indicating that LPS-induced CYLD up-regulation in monocytes requires LPS binding to TLR4. To further confirm the involvement of TLR4 in LPS-induced CYLD expression, we examined CYLD mRNA induction by LPS in HEK293-pcDNA and HEK293-TLR4 cells. As shown in Fig. 7(E) , CYLD mRNA expression was greatly up-regulated in HEK293-TLR4 cells compared with HEK293-pcDNA cells. These data suggest that CYLD is induced by LPS via a TLR4-dependent pathway in human blood monocytes. 
Discussion
In the host immune system, the leukocytes are often exposed to multiple pathogens including bacteria and viruses. Most studies to data have focused on investigating antibacterial response or antiviral response. There is a growing body of evidence that a significant proportion of patients have mixed infections of bacteria and virus (24) (25) (26) (27) . Moreover, inappropriate antibiotic treatment has contributed to the worldwide emergence of antibiotic-resistant strains and has lead to increased incidence of polymicrobial infections. Despite the relatively well-known role of virus infections in promoting bacterial infections, it is still not clear whether bacterial infection also promotes viral infection.
In this report, we show that human peripheral blood monocytes and THP1 cells are unresponsive to the stimulation of poly(I:C), a synthetic dsRNA analog that originates as an intermediate of viral replication. We provide evidence that the bacterial LPS enhances the expression of the key genes involved in host antiviral response by up-regulating TLR3 expression in blood monocytes and THP1 cells. Moreover, LPS induces TLR3 expression via a TLR4-MyD88-IRAK-TRAF6-NF-jB-dependent signaling pathway, and CYLD, a novel deubiquitinase, act as negative regulators of TLR3 induction by LPS. Our study thus provides new insights into a novel role for bacterial infection in enhancing host antiviral response and also identifies CYLD as a critical negative regulator of host antiviral response (Fig. 8) . Our findings may have important implications for host defense and immune response to mixed infections. Firstly, the extremely low expression of TLR3 observed in blood monocytes is an important aspect of TLR3 function because under limiting conditions, cellular responses to PAMPs can be more stringently regulated by controlling the amount of TLR protein produced. Secondly, the increased TLR3 expression contributes to the accelerated immune response of leukocytes as well as to the resensitization of monocytes to invading pathogens. Hence, regulation of TLR3 expression may be one of the immune regulatory mechanisms commonly involved in host defense against viruses. Finally, the observation that TLR3 is up-regulated by LPS suggests that bacterial products can not only initiate the host immune response, but they can also modulate the eventual responsiveness of monocytes to the invading virus by regulating the TLR3 expression level. Thus, these observations bring new insights to our understanding of the interaction between bacteria and viruses of mixed infections in our blood system. Interestingly, it has been previously reported that IFNa enhanced TLR3-mediated antiviral cytokine expression in human endothelial and epithelial cells is associated with enhanced TLR3 expression (28) . Many studies also indicate that TLR3 and TLR4 use TIR domain-containing adaptor inducing IFNb (TRIF) to activate IRF3, resulting in the production of type I IFN (IFNa and IFNb) (29, 30) . Therefore, it would be important to understand how human peripheral blood monocytes in the detection and clearance of a systemic viral infection.
Another major finding of this study is that LPS-induced TLR4-dependent up-regulation of TLR3 is negatively regulated by CYLD in an autoregulatory feedback manner. In contrast with the relatively well-known role of CYLD in tumorigenesis and T-cell development, the role of CYLD in host antiviral response remains largely unknown (31, 32) . Our results show that LPS induces CYLD expression in human peripheral blood monocytes, which in turn results in attenuation of TLR3 expression, leading to inhibition of host antiviral responses. Thus, the involvement of CYLD may be essential to ensure the tight control of LPS-induced TLR3 up-regulation Regulation of TLR3 by bacterial LPS 363 and the host antiviral response. We can further speculate that the CYLD-dependent autoregulatory feedback loop may represent an important mechanism by which the host can self-limit serious tissue damage caused by detrimental inflammatory responses during polymicrobial infection.
In summary, our results support the idea that TLR3 signaling efficiency depends on the amount of the receptor on the cell surface and that up-regulation of TLR3 expression by bacterial LPS is necessary for dsRNA-induced antiviral cytokine production in human blood monocytes. Furthermore, we provide evidence that the mechanisms of bacterial LPS to induce TLR3 RNA and protein expression may be positively regulated by TLR4-MyD88-IRAK-TRAF6-NF-jBdependent signaling pathway, while is negatively regulated by CYLD in human monocytes and monocytic cells. These results suggest new insights into a novel role for bacterial infection in enhancing host antiviral response and identifies CYLD for the first time as a critical negative regulator of bacterial LPS-induced response.
